sive fluvial sheet sandstone interbedded with overbank mudstone) consistent with an aggradational fluvial system in a rapidly subsiding late Eocene-Oligocene environment. An upsection reversal in paleocurrents across the Santa Lucia-Potoco contact, from west-directed to east-directed patterns, also indicates a major change in depositional systems.
INTRODUCTION
The high topography of the Altiplano plateau (3.7 km average elevation) provides a first-order signal of Cenozoic mountain building in the central Andes (Isacks, 1988) . Estimates for the timing of shortening and associated crustal thickening and surface uplift rely on the synorogenic stratigraphic record within and adjacent to the orogenic belt (e.g., Jordan and Alonso, 1987; Sempere et al., 1990; Kennan et al., 1995; Allmendinger et al., 1997; Horton and DeCelles, 1997; Jordan et al., 1997; Horton, 1998) . Most investigations attribute crustal thickening in the central Andes to Neogene-age shortening in the fold-thrust belt east of the Altiplano (Sheffels, 1990; Schmitz, 1994; Baby et al., 1997) , primarily on the basis of upper Oligocene and younger synorogenic strata identified in the foreland and Altiplano basin (Isacks, 1988; Sempere et al., 1990; Gubbels et al., 1993) . As a result, kinematic and geodynamic models attempting to explain the mechanisms and rates of plateau uplift and fold-thrust deformation (e.g., Isacks, 1988; Gubbels et al., 1993; Wdowinski and Bock, 1994; Pope and Willett, 1998; Liu et al., 2000) generally utilize this estimate of shortening since 25-30 Ma. However, several studies propose that pre-Neogene deformation may have played an important role in the tectonic history of the central Andes (e.g., Horton and DeCelles, 1997; Sempere et al., 1997) . If pre-Neogene mountain building occurred in regions west of the eastern fold-thrust belt, then most models underestimate not only the duration but also the total amount of crustal shortening across the orogenic belt. The purpose of this paper is to provide sedimentologic, provenance, and palynological data from Paleogene sedimentary rocks of the northern and central Altiplano that suggest initial foreland basin conditions and associated mountain building in the central Andes by mid-Paleocene time.
TECTONIC FRAMEWORK
The Andes are the type example of a mountain belt developed along an ocean-continent on October 24, 2014 gsabulletin.gsapubs.org Downloaded from
Figure 1. Map of the central Andes, including international borders, topographic-geologic zonations, and area over 3 km elevation (shaded). Dotted line defines axis of Longitudinal Valley (LV). CC-Coastal Cordillera, SA-Salar de Atacama, SB-Santa Barbara. Nazca-South America convergence at the trench (17؇S, 75؇W) is represented by NUVEL-1A vector (DeMets et al., 1994) and GPS vector (Norabuena et al., 1998). Boxed area shows location of Altiplano region (Fig. 2).
convergent margin (Dewey and Bird, 1970) . In the central Andes, from about 15ЊS to 27ЊS, the subducted Nazca plate dips ϳ30Њ eastward beneath the South American plate (Isacks, 1988) . NUVEL-1A and global positioning system (GPS) calculations indicate roughly east-west convergence at 77 mm/yr and 68 mm/yr, respectively (DeMets et al., 1994; Norabuena et al., 1998) . From west to east, the continental margin at about 15-27ЊS consists of ( Fig. 1): (1) the Peru-Chile trench and continental slope; (2) the Coastal Cordillera, a remnant of a Mesozoic magmatic arc; (3) the Longitudinal Valley (also called Central Depression or Pampa del Tamarugal), a modern forearc basin; (4) the Precordillera (including Cordillera Domeyko) and Preandean Depression (including Salar de Atacama basin), that largely define the western Andean slope; (5) the Western Cordillera, an active volcanic arc along the eastern border of Chile; (6) the Altiplano-Puna plateau, a high-elevation hinterland plateau; (7) the Eastern Cordillera, a rugged interior of the eastern fold-thrust belt; (8) the Subandean Zone and Santa Barbara Zone, frontal active parts of the eastern fold-thrust belt; and (9) the Beni Plain and Chaco Plain, parts of a low-elevation foreland basin underlain by the Brazilian shield.
Modern shortening in the central Andes is focused in the fold-thrust belt on the eastern slope of the mountain belt (Norabuena et al., 1998; Horton, 1999) . Most studies consider total central Andean shortening to be approximated by Neogene shortening in the Eastern Cordillera and Subandean-Santa Barbara Zone (Fig. 1) , a maximum value of about 200-250 km (see summaries by Allmendinger et al., 1997; Kley and Monaldi, 1998) . This estimated shortening is insufficient to explain present-day crustal thickness beneath the Altiplano, modern arc (Western Cordillera), and modern forearc region (Precordillera, Longitudinal Valley, and Coastal Cordillera), leading some workers to propose additional mechanisms of crustal thickening such as magmatic addition or tectonic underplating (Schmitz, 1994; Baby et al., 1997) . Alternatively, preNeogene shortening in these western regions may account for the discrepancy (Horton and DeCelles, 1997) . Structural, stratigraphic, and paleomagnetic studies indicate Late Cretaceous-Paleogene shortening, basin development, and vertical-axis rotations in the modern arc to forearc region (Chong and Reutter, 1985; Bogdanic, 1990; Hammerschmidt et al., 1992; Hartley et al., 1992; Scheuber and Reutter, 1992; Charrier and Reutter, 1994; Mpodozis et al., 1999; Somoza et al., 1999; Arriagada et al., 2000; Roperch et al., 2000a Roperch et al., , 2000b . However, the extent of any pre-Neogene mountain belt and associated foreland basin system, as well as the total amount of pre-Neogene shortening, remain poorly understood.
CRETACEOUS-TERTIARY STRATIGRAPHY
The Altiplano (Fig. 2) contains (1) a lower succession (250-900 m thick) of regionally extensive, Maastrichtian to mid-Paleocene, marginal marine and nonmarine sedimentary rocks (El Molino and Santa Lucia Formations), (2) an intermediate, poorly dated succession (3000-6500 m thick) of nonmarine sedimentary rocks (Potoco Formation), and (3) an upper interval (1000-4000 m thick) of upper Oligocene to Quaternary nonmarine sedimentary and volcanic rocks (Fig. 3) .
Lower Succession
The lower succession is composed of the El Molino Formation and conformably overlying Santa Lucia Formation (Fig. 3) . The El Molino is a 200-600-m-thick section of carbonate and subordinate mudstone. Strata were deposited over much of the Altiplano and Eastern Cordillera (Fig. 2) in restricted shallow marine, lacustrine, and distal fluvial settings. This formation marks the final marine conditions in the Altiplano-Eastern Cordillera region (Lundberg et al., 1998) (Fig. 2) , and magnetostratigraphic sections in the Eastern Cordillera (Gayet et al., 1991; Sempere et al., 1997) .
In the Altiplano, the Santa Lucia Formation is 50-300 m thick and contains a coarseningand thickening-upward section of interbedded mudstone and sandstone deposited in distal fluvial settings. Although trough cross-stratified sandstone is rare in the lower two-thirds of the formation, it is abundant in the upper Santa Lucia. Paleocurrent indicators consistently yield westward paleoflow directions (Fig. 4) . Some investigators have interpreted the sandstone-dominated, upper Santa Lucia interval as a separate unit, the Cayara Formation (Marocco et al., 1987; Sempere et al., 1997) . For the Altiplano, we retain the original stratigraphic designation due to an overall consistency in composition, provenance, and depositional setting. Different workers have correlated the Santa Lucia (including Cayara) regionally with different stratigraphic units of varying age, including units in Peru and Argentina (see Palma, 1986; Marocco et al., 1987; Mourier et al., 1988; Quattrocchio et al., 1990; Marshall et al., 1997; Sempere et al., 1997) . However, the age of the Santa Lucia is best defined by magnetostratigraphy and Paleocene mammal fossils in the Eastern Cordillera of Bolivia (Gayet et al., 1991; Sempere et al., 1997; Marshall et al., 1997) . Sempere et al. (1997) reported exclusively reversed magnetic polarities from paleomagnetic sites in the uppermost El Molino and entire Santa Lucia section, attributing these rocks to chron C26r (61.6-57.8 Ma) of the geomagnetic polarity time scale (Cande and Kent, 1992) . The top of the Santa Lucia therefore is assigned an age of ϳ58 Ma. Despite successful dating of the Santa Lucia in several Bolivian locales, regional lithostratigraphic correlations over hundreds of kilometers remain tentative.
Middle Succession
The 3000-6500-m-thick Potoco Formation, the focus of this study, comprises the greatest volume of Tertiary deposits in the Altiplano and possibly the entire central Andes. This succession is identified by its mixed lithologies of sandstone, mudstone, and limited evaporite, its fluvial-lacustrine facies associations, and its conformable stratigraphic relation with underlying Santa Lucia strata and overlying Neogene rocks (Fig. 3) . Despite the presence of these deposits in a nearly continuous outcrop belt that trends north-northwest for ϳ300 km in the northern and central Altiplano (Fig. 2) , Potoco-equivalent rocks have been named, from north to south, the Tiahuanacu, San Andrés, Ballivian, Pando, Berenguela, Turco, Azurita, Chuquichambi, Huayllamarca, and Huayllapucara Formations (Evernden et al., 1977; Suárez and Diaz, 1996; . Inconsistencies in stratigraphic nomenclature may result from poor age control, postdepositional deformation (including complex fold-thrust structures involving evaporite units), and insufficient exposure of the lower section and basal Santa Lucia contact (e.g., sections 5-8, 10 in Fig.  4 ). Reported ages for the upper Tiahuanacu Formation include K-Ar ages of two tuffs (29.2 Ϯ 0.8 Ma, 29.6 Ϯ 0.8 Ma; no sample locations given; Swanson et al., 1987; Sempere et al., 1990) . These data and general on October 24, 2014 gsabulletin.gsapubs.org Downloaded from stratigraphic relationships require that the Potoco Formation be post-mid-Paleocene and mostly pre-early Miocene in age. We present additional age constraints below.
Upper Succession
The upper succession is a 1000-4000-mthick interval of upper Oligocene to Quaternary sedimentary and volcanic rocks (Fig. 3) . Basal conglomerate and sandstone include, from north to south, the Peñas, Coniri, Luribay-Salla, lower Totora, Tambillo, and San Vicente Formations (Evernden et al., 1977; Sempere et al., 1990; MacFadden, 1990; Suárez and Diaz, 1996; . These strata were deposited in alluvial-fan and fluvial systems derived from the east, presumably from the incipient Eastern Cordillera Rochat et al., 1998) . This assertion is supported by upper Oligocene-lower Miocene growth strata reported in a west-vergent backthrust belt (the Huarina fold-thrust belt) at ϳ17ЊS along the AltiplanoEastern Cordillera boundary and studies demonstrating shortening in the Eastern Cordillera by late Oligocene time (Baby et al., 1990; Sempere et al., 1990; Horton, 1998) . A late Oligocene to early Miocene age for the coarse-grained interval is based on (1) K-Ar ages of four tuffs (28.0 Ϯ 0.9 Ma to 25.1 Ϯ 0.7 Ma), fission-track ages, magnetostratigraphy, and mammal fossils in the Luribay-Salla beds (Salla region; MacFadden, 1990), (2) K-Ar ages of two tuffs (25.5 Ϯ 1.7 Ma, 24.5 Ϯ 0.6 Ma) in the Coniri Formation (no sample locations given; Swanson et al., 1987; Sempere et al., 1990) , (3) K-Ar ages of a single tuff (23.9 Ϯ 1.3 Ma, 23.0 Ϯ 0.8 Ma) from the lowermost Totora Formation (near the town of Corque; Kennan et al., 1995) , and (4) K-Ar ages of three volcanic horizons (25.2 Ϯ 0.9 Ma to 23.1 Ϯ 1.2 Ma) in the lowermost Tambillo Formation (Tambo Tambillo region; Kennan et al., 1995) .
The coarse-grained rocks are overlain by lower Miocene to Quaternary volcaniclastic deposits, including, from north to south: the Kollu Kollu, Mauri, Abaroa, Crucero, upper Totora, and Quehua Formations; several tuffs of regional distribution (Ulloma tuff, Callapa tuff, and Tuff 76); and numerous other stratigraphic units (see Evernden et al., 1977; Suá-rez and Diaz, 1996) . These rocks have been dated by 40 Ar/ 39 Ar and K-Ar methods, magnetostratigraphy, and mammal fossils (Lavenu et al., 1989; Marshall et al., 1992; .
PALYNOLOGICAL AGE DATA
Palynomorph assemblages (Figs. 5 and 6) from 11 Potoco siltstone samples collected above of a basal paleosol zone yield ages ranging from late Eocene through Oligocene (Table 1; Fig. 3 ). Age assignments utilize South American palynological age ranges that are based on correlation of palynomorph species with existing age zonations for marine fauna (foraminifera and nannofossils) and nonmarine fauna (ostracods) of the Brazilian continental margin (Regali et al., 1974a (Regali et al., , 1974b , including supportive age information from global palynological studies (e.g., Germeraad et al., 1968) . Seven samples are from the lower few hundred meters of the Potoco Formation; two are defined as late Eocene, and five are defined as late Eocene to early Oligocene. From the upper levels of the Potoco Formation, four samples are defined as early Oligocene or Oligocene. Seven additional samples yielded no palynomorphs. All samples were collected from several-centimetersthick, nonoxidized siltstone beds (see Fig. 4 for sample locations within measured stratigraphic sections). For each sample, approximately 5-10 g of material was digested in hydrochloric and hydrofluoric acids, screened with a 10 m sieve, floated in a solution of zinc bromide (specific gravity of 2.0), and mounted on standard microscope slides. The slides were examined and species identifications made using a standard light microscope.
Ages for individual species (Fig. 3 ) provide the following age restrictions for the 11 pa-lynomorph assemblages (Table 1) . Late Eocene to early Oligocene ages for seven samples are defined by occurrences of Echiperiporites estelae (Fig. 5, photo 1) , Zonocostites ramonae (Fig. 5, photo 14) , and Podocarpidites sp. 1 and 2 (Fig. 6, photos 1, 2 , 5, and 6), which do not range below late Eocene, and Scabraperiporites nativensis (Fig. 5 , photos 2-5), which does not range above early Oligocene. Two of these samples are restricted to late Eocene by the additional presence of Margocolporites vanwijhei (Fig. 5, photo 8) and Retitricolpites americana (Fig. 5, photo  9 ), which have a range no younger than Eocene. Oligocene ages for four samples are defined by Podocarpidites sp. 1 and 2, which range from late Eocene through Oligocene, Scabraperiporites nativensis, which does not range above early Oligocene, and Psilaperiporites robustus (Fig. 5 , photos 6 and 7), which is generally restricted to Oligocene.
In summary, palynomorphs consistently indicate a late Eocene-Oligocene age for the main body of the Potoco Formation. Lack of specimens from a basal paleosol zone precludes direct age assignment for the lower few tens of meters of the formation. However, the combination of Potoco palynological data and published ages from the underlying Santa Lucia Formation require that the paleosol zone comprising the lowermost Potoco is post-midPaleocene and pre-late Eocene in age.
PALEOGENE SEDIMENTATION
New palynological age data for the Potoco Formation, combined with existing stratigraphic ages for underlying and overlying formations, indicate greatly reduced sediment accumulation during mid-Paleocene to mid-Eocene (lowermost Potoco) time and rapid sediment accumulation throughout late Eocene and Oligocene (majority of Potoco) time. We conducted sedimentologic analyses of the Paleogene succession in order to evaluate the lithofacies and provenance associated with these sedimentation patterns. Facies analyses and paleocurrent determinations are presented for ten measured sections (Fig. 4) . The Santa Lucia-Potoco contact is exposed in five sections and covered in the other five sections. Paleocurrent data are based on measured limbs in trough cross-stratified sandstone (method I of DeCelles et al., 1983) and measured primary current lineations, sole marks, and ripple marks.
Mid-Paleocene to Middle Eocene
The lower Santa Lucia Formation is a succession of thin-bedded, laminated to massive mudstones, horizontally and ripple cross-stratified, fine-grained sandstones, and thin calcareous paleosols (Fig. 7A) . The proportion and thickness of sandstone beds increase upsection. The upper Santa Lucia contains predominantly trough and ripple cross-stratified, medium-grained sandstone (Fig. 7B) . We attribute these facies to deposition in a distal fluvial environment, both in overbank (lower Santa Lucia) and channel (upper Santa Lucia) settings. Paleocurrent measurements indicate east-to-west sediment dispersal (Fig. 4) .
The sharp contact between the Santa Lucia and overlying Potoco Formation (Fig. 7B) is defined by an abrupt change from cross-stratified sandstone to an overlying 20-100-mthick section of numerous superimposed paleosols (Fig. 7C) . The paleosol interval contains very few nonpedogenic facies or primary sedimentary structures. Individual paleosols are massive 10-200-cm-thick layers of mottled siltstone and fine-grained sandstone that commonly contain clay-skin (argillan) coatings and slickenside surfaces around soil aggregates or peds 0.5-2 cm in diameter; in places they exhibit root traces, calcareous nodules, and calcite-filled fractures (Fig. 7D) . Whereas the bulk of each paleosol is moderately calcareous, the upper 10-50 cm of individual paleosol units is commonly noncalcareous (Fig. 7D) . We attribute this zonation to an upper zone of leaching and lower zone of accumulation during soil development.
In contrast to the Potoco Formation, Santa Lucia paleosols are very thin (1-5 cm average, 20 cm maximum) and interbedded with stratified sandstone and laminated siltstone on a centimeter scale (Fig. 7A) . Given their thickness and stratigraphic occurrence, Santa Lucia paleosols are interpreted as products of relatively short-lived episodes (probably Ͻ10 5 yr) of pedogenesis between successive sedimentation events in an overbank fluvial system. Similar interpretations have been made for modern and ancient soils in floodplain environments (e.g., Kraus and Bown, 1986; Willis, 1993) . Basal Potoco paleosols, however, are substantially thicker and invariably occur within a stacked paleosol interval tens of meters thick (Fig. 4) . We therefore interpret the Potoco paleosol zone as the product of a relatively long-lived episode (Ͼ10 6 yr) of sustained soil development. Clearly, source lithology, climate, and biologic activity are additional controls on the facies type and thickness of individual paleosols. However, the remarkable composite thickness and lack of nonpedogenic facies suggest that, regardless of the local climatic and biogeochemical conditions, substantial time and minimal sediment input were required for such soil development. These conditions may be attributable to extremely low rates of subsidence (e.g., Atkinson, 1986; Alonso-Zarza et al., 1999) .
Late Eocene and Oligocene
The basal Potoco paleosol zone is overlain concordantly by the main body of the Potoco Formation (Fig. 4) , an interval of laterally continuous sheet sandstone and interbedded mudstone (Figs. 7B, 8A and B) . Sandstone beds contain horizontal, ripple, and trough cross-stratification, are up to 3 m thick, exhibit high width-to-thickness ratios (50/200), and are characterized by basal contacts that are nonerosive or very slightly erosive (Ͻ30 cm of scour relief) (Fig. 8C) . These beds are attributed to channel and crevasse-splay deposition. The channel sandstones, however, generally lack lateral-accretion surfaces, multistory bedding, high-relief scours, and basal lags. Similar fluvial deposits have been described by Friend (1978) and Miall (1980) . Such deposits contrast with common models of channelized fluvial systems in which mobile channels (meandering or braided) incise and rework laterally adjacent deposits (Friend, 1983) . Avulsion, rather than channel migration, may dominate these sheet-sand systems wherein the active stream channel, seeking the topographically lowest area, rapidly redirects its course into low flood-plain areas (Smith et al., 1989) . In the Potoco Formation, a common lithofacies assemblage is a 5-10-m-thick section composed of overbank siltstones and crevasse-splay sandstones that coarsen and thicken upward and are overlain by a 1-3-mthick sandstone cap (Fig. 8D) . We attribute this assemblage to increasing volumes of crevasse-splay sedimentation during successive floods followed by the ultimate avulsion of the channel into the adjacent floodplain area (e.g., Willis, 1993) . In general, facies associations and stratigraphic geometries within the main Potoco interval suggest deposition in an aggradational fluvial system, possibly implying high sediment-accumulation rates and rapid subsidence (e.g., Friend, 1978; Bentham et al., 1993) during late Eocene-Oligocene time.
Our paleocurrent data consistently indicate transport from west to east (Fig. 4) . Although previous interpretations hold that the Potoco Formation was derived from the Eastern Cordillera to the east (e.g., Kennan et al., 1995; , those studies present no supporting paleocurrent data or facies analyses. Additional evidence for west-to-east transport includes a well-defined proximal-to-distal facies trend observed in outcrops on opposite limbs of the Corque syncline, a palinspastically restored on October 24, 2014 gsabulletin.gsapubs.org Downloaded from (Fig. 8B) are significantly coarser than equivalent strata (Fig. 8A ) on the eastern limb (Fig. 4) . We attribute this trend to alluvial fan and proximal fluvial deposition in the west, passing downslope into more distal fluvial deposition to the east.
DISCUSSION
Sedimentologic and geochronologic data for the Altiplano indicate (1) a mid-Paleocene sediment source to the east during distal fluvial deposition of the Santa Lucia Formation, (2) a mid-Paleocene to middle Eocene interval of paleosol development, indicative of very low sediment-accumulation rates during deposition of the lowermost Potoco, and (3) a late Eocene through Oligocene phase of rapid fluvial aggradation of the Potoco Formation adjacent to a western sediment source.
These temporal variations in sediment-accumulation rates and sediment-dispersal directions, as well as pre-Neogene structural relationships in areas farther west, are consistent with eastward migration of a Paleogene foreland basin system (Fig. 9) . The foreland basin system (DeCelles and Giles, 1996) in this interpretation includes a distal back-bulge depozone located in the Altiplano and Eastern Cordillera during Late Cretaceous to mid-Paleocene time (El Molino-Santa Lucia deposition), a forebulge depozone located in the Altiplano to western Eastern Cordillera during mid-Paleocene to middle Eocene time (lowermost Potoco deposition), and a foredeep depozone located in the Altiplano during late Eocene through Oligocene time (main Potoco deposition). Predicted rates of flexural subsidence in a migrating foreland basin system vary from initial low rates in the back-bulge depozone to extremely low rates in the forebulge depozone to high rates in the foredeep depozone (Fig. 9C) . Such a trend is recorded by the upsection variations in sediment-accumulation rates from Santa Lucia to lowermost Potoco to main Potoco strata. A change in overall sediment-dispersal directions is also expected as the topographic load, an incipient mountain belt to the west, propagated eastward. The upsection change from an eastern, cratonic (Brazilian shield) source for the Santa Lucia to a western, orogenic source for the Potoco suggests a progressively greater influence of western regions on Altiplano sedimentation during Paleogene time. This pattern, however, does not rule out the possibility of additional loading by shortening-related topography east of the Altiplano (i.e., the westvergent Huarina fold-thrust belt).
It is important to note that accumulation of sediment in the proposed forebulge depozone, albeit minimal (ϳ20-100 m over a ϳ15-20 m.y. time span), suggests that the forebulge would not have formed a true topographic feature. Rather, it would have been buried beneath limited basin fill. This consideration and the highly consistent pattern of Potoco sediment dispersal (Fig. 4) in a direction transverse rather than parallel to the forebulge suggest an overfilled foreland-basin geometry (Jordan, 1995) . A possible exception exists in the southern Altiplano region, where Marocco et al. (1987) and Welsink et al. (1995) report an erosional unconformity characterized by upper Santa Lucia to Potoco strata resting directly on the El Molino Formation. Here, the forebulge may have formed a low-amplitude topographic feature subject to minor erosion. Angular discordance in an area of several square kilometers (Marocco et al., 1987) could be attributed to localized minor faulting on the forebulge, similar to reactivated faults in the modern forebulge region of the central Andean foreland (Horton and DeCelles, 1997; Ussami et al., 1999) .
Although our interpretation explains a range of observations, alternative models that invoke nonflexural mechanisms could conceivably explain Paleogene deposition in the Altiplano. For instance, Paleocene-Eocene strata of the Santa Barbara Group in northwestern Argentina have been considered to represent postrifting thermal subsidence following Cretaceous development of the Salta rift system (Salfity and Marquillas, 1994; Comí nguez and Ramos, 1995) . A similar interpretation could be offered for the Altiplano (e.g., Welsink et al., 1995) , but accumulation of 3000-6500 m of Potoco sediment from late Eocene through Oligocene time would require average thermal subsidence rates much higher than the typical range of values in continental rifts (McKenzie, 1978; Friedmann and Burbank, 1995) . The large magnitude of sediment accumulation over ϳ10-15 m.y. effectively eliminates subsidence due to cooling and theron October 24, 2014 gsabulletin.gsapubs.org Downloaded from mal contraction alone. We note, however, that postrift thermal subsidence may have contributed to total subsidence during El MolinoSanta Lucia deposition (latest Cretaceous to mid-Paleocene time). Nevertheless, the abrupt increase in sediment accumulation during late Eocene-Oligocene time must be related to some other tectonic cause, most likely flexural subsidence related to thrust-sheet loading or fault-induced subsidence in an extensional or strike-slip regime. At this point, we consider an extensional or strike-slip setting unlikely due to a lack of demonstrated normal or strike-slip faults along margins of the Potoco depositional system (however, compare Allmendinger et al., 1997; and Rochat et al., 1998) , the regional extent of the original Potoco depositional system, continuous for a minimum distance of ϳ300 km along strike, and general tectonic reconstructions in which extension along the western margin of South America (including the Salta rift system) is consistently assigned a Mesozoic, not Cenozoic, age (Coney and Evenchick, 1994; Salfity and Marquillas, 1994, Welsink et al., 1995; Tankard et al., 1995) . In contrast, a flexural subsidence mechanism is in agreement with structural and paleomagnetic evidence for Late Cretaceous-Paleogene shortening and vertical-axis rotations to the west in the Longitudinal Valley and Precordillera region of Chile (e.g., Chong and Reutter, 1985; Hammerschmidt et al., 1992; Scheuber and Reutter, 1992; Somoza et al., 1999; Arriagada et al., 2000; Roperch et al., 2000a Roperch et al., , 2000b . We speculate that a Paleogene and possibly Upper Cretaceous foredeep may be represented by the 4000-6000-m-thick nonmarine Purilactis Group in the Salar de Atacama (Preandean Depression) region (Hartley et al., 1992; Charrier and Reutter, 1994; Mpodozis et al., 1999) and equivalent strata in the Precordillera (Bogdanic, 1990; Hammerschmidt et al., 1992) .
Our model of Paleogene shortening and foreland basin development provides an internally consistent explanation for a variety of observations, including spatially and temporally varying patterns of sediment accumulation (or subsidence), sediment dispersal, and paleosol development in the Altiplano. One implication of this model is that shortening west of the Eastern Cordillera-Subandean fold-thrust belt, particularly in the arc and forearc regions, may play an important role in total Andean crustal thickening.
CONCLUSIONS
Palynomorph assemblages from possibly the thickest Paleogene succession in the central Andes, the 3000-6500-m-thick Potoco Formation in the Altiplano, indicate that the majority of the succession is of late EoceneOligocene age. When combined with the published mid-Paleocene age of the underlying Santa Lucia Formation, these data require ϳ15-20 m.y. of greatly reduced sediment accumulation (Ͻ10 m/m.y.) during mid-Paleocene to middle Eocene deposition of the lowermost Potoco (20-100 m thick). The minimum age for the Potoco succession is provided by published late Oligocene-early Miocene ages from overlying volcaniclastic rocks. Average sediment-accumulation rates up to 500 m/m.y. throughout late Eocene-Oligocene time (ϳ10-15 m.y.) suggest rapid subsidence in the Altiplano during deposition of the main body of the Potoco Formation.
Sediment dispersal patterns for the Potoco Formation indicate a persistent late EoceneOligocene sediment source to the west, in the present-day Western Cordillera or Precordillera. This contrasts with the underlying Santa Lucia Formation, which was derived from the east. We attribute the mid-Paleocene to middle Eocene reduction in sediment-accumulation rates and associated paleocurrent reversal across the Santa Lucia-Potoco contact to a broad-wavelength, low-amplitude forebulge in the Altiplano to Eastern Cordillera region. This is consistent with Paleogene shortening, and presumably crustal thickening and flexural loading, to the west. A possible Paleocene-Eocene foredeep is preserved in the Salar de Atacama and Precordillera region of Chile. By late Eocene-Oligocene time, the locus of deformation and flexural loading would have propagated eastward, inducing rapid subsidence and foredeep development in the Altiplano. Such long-term shortening may require modification of existing models of central Andean uplift that consider only Neogene shortening east of the Altiplano. Furthermore, the currently cited discrepancy between total shortening and crustal thickness in the central Andes may be resolvable if Paleogene shortening in the modern arc and forearc regions is incorporated into regional balanced cross sections.
